New regulations require living kidney donor (LKD) follow-up for 2 years, but donor retention remains poor. Electronic communication (eg, text messaging and e-mail) might improve donor retention. To explore the possible impact of electronic communication, we recruited LKDs to participate in an exploratory study of communication via telephone, e-mail, or text messaging postdonation; communication through this study was purely optional and did not replace standard follow-up. Of 69 LKDs recruited, 3% requested telephone call, 52% e-mail, and 45% text messaging. Telephone response rate was 0%; these LKDs were subsequently excluded from analysis. Overall response rates with e-mail or text messaging at 1 week, 1 month, 6 months, 1 year, and 2 years were 94%, 87%, 81%, 72%, and 72%. Lower response rates were seen in African Americans, even after adjusting for age, sex, and contact method (incidence rate ratio (IRR) nonresponse 2.07 5.81 16.36 , P = .001). Text messaging had higher response rates than e-mail (IRR nonresponse 0.11 0.28 0.71 , P = .007). Rates of nonresponse were similar by sex (IRR 0.68, P = .4) and age (IRR 1.00, P > .9). In summary, LKDs strongly preferred electronic messaging over telephone and were highly responsive 2 years postdonation, even in this nonrequired, nonincentivized exploratory research study. These electronic communication tools can be automated and may improve regulatory compliance and postdonation care.
| INTRODUCTION
Since 1999, the United Network for Organ Sharing (UNOS) has collected follow-up data on living donors. 1 However, rates of follow-up have been poor despite a majority of living donors believing that follow-up should extend at least 2 years and that achieving this is a high priority. 2 From 2008 to 2012, clinical follow-up data were reported for only 67% of LKDs at 6 months and 50% at 2 years postdonation, while laboratory follow-up data were reported for only 51% and 30% at 6 months and 2 years, respectively. 3 In 2013, UNOS began to require that donor follow-up meet specific thresholds. For example, for anyone who donated after December 31, 2014, 80% must have complete clinical data and 70% must have complete laboratory data. 4, 5 In the first cohort of donors under this new policy, less than 50% of centers were compliant with donor follow-up at the specified thresholds. 6 Without new strategies for improving follow-up, it will be difficult for centers to meet these thresholds.
The traditional approach to follow-up, including clinic visits, telephone calls, and paper mailings, is resource-intensive and cumbersome for both patient and provider. Methods of follow-up communication that are realistic for transplant centers and donors must be efficient and effective. Technologies such as automated text messages and e-mail provide potential novel avenues to contact donors for follow-up. These electronic messaging systems are now nearly ubiquitous in our society; a Pew Research Center Survey found that 90% of adults in the United States had a mobile phone as of January 2014. 7 While many individuals remain too technophobic to communicate via "apps" or social media, nearly all individuals communicate electronically in some manner or another. E-mail and text messaging provide an opportunity to bring providers to the patient in a convenient manner. 
| METHODS

| Study population
LKDs who underwent living kidney donation at our institution be- 
| Electronic communication
LKDs were given the phone number and e-mail address associated with a dedicated e-mail account that would be used to contact them.
They were asked to add these to their contact lists so they would know the messages came from the transplant center and to avoid spamfiltering. LKDs were contacted using their preferred communication modality (text, e-mail, or phone call) at 1 week, 1 month, 6 months, 1 year, and 2 years after their enrollment in the study. These messages were sent out by an automated system, and the content of the messages was standardized. Participants who did not respond were sent additional messages. If participants failed to respond to text message or e-mail three times, a research assistant called them to confirm that the contact information on record was correct. Patients who selected telephone call (3%, N = 2) as their primary method of contact had a response rate of 0% and were excluded from further analysis.
| Comparing clinical and research responses
This study was initiated prior to the February 2013 OPTN requirements, but our center was already using the OPTN-recommended follow-up intervals of 6 months, 12 months, and 2 years. As this research study was completely separate from our clinical follow-up protocols (conducted by different individuals, with patients explicitly told that response in this study did not "count" as follow-up by the clinical team), we compared aggregate rates of successful follow-up at our center through our standard clinical protocols (as reported to OPTN) during this time period with aggregate follow-up in this research study. As some of our study participants had a 2-year follow-up visit after the implementation of new OPTN followup requirements, we also analyzed patients stratified by whether their follow-up was completed before or after new follow-up requirements were implemented.
| Statistical analysis
We defined response rate as the percentage of total participants who responded to the text message, e-mail, or phone call that they received at a particular time point as a part of this study. We estimated the incidence rate ratio (IRR) of nonresponse at the follow-up time points using a multilevel Poisson regression model with a random intercept at each follow-up time point, adjusted for donor characteristics including age at donation, sex, race, and contact mode.
We tested potential nonlinearity of the effect of age using a LOWESS plot, and there was no statistically significant deviation from the linearity assumption.
To assess absolute differences in rate of nonresponse, we created a predictive model of the rate of nonresponse to show the absolute change in nonresponse over time for a reference patient. This model included age at donation, race, sex, and contact method. We selected a reference patient who was African American, female, and 45 years old who was contacted via text message. We then used the model to predict the probability of nonresponse at each time period in the study (1 week, 1 month, 6 months, 1 year, and 2 years) for our reference patient.
Confidence intervals are reported using subscripts, as per the method of Louis and Zeger. 12 All analyses were performed using Stata 14.1/MP for Windows (College Station, TX, USA). Table 1 ). E-mail was the preferred contact method for the youngest (≤30 years old) and oldest (>50 years old) donors, while text messaging was preferred by donors 31-50 years old (P = .02, Table 1 ).
| RESULTS
| Study population
| Methods of communication
| Response rates overall and by LKD characteristics
The overall response rate was 94% at 1 week, 87% at 1 month, 81% at 6 months, 72% at 1 year, and 72% at 2 years. Response rates were consistently higher for participants using text messaging vs e-mail: 97% vs 92% at 1 week, 94% vs 81% at 1 month, 84% vs 78% at 6 months, 84% vs 61% at 1 year, and 81% vs 64% at 2 years ( Figure 1 ). This trend persisted after adjusting for donor age, race, and sex (IRR of nonresponse to text messaging vs e-mail 0.11 0.28 0.71 , P = .007; Table 3 ).
There was no significant difference in response rate by age on univariate analysis (Table 2) or after adjusting for LKD sex, race, and Fisher's exact test was used to compare the proportion of participants who used e-mail vs text messaging, by demographic characteristics. No significant differences were seen in the proportion of patients selecting e-mail vs text messaging by sex or race. However, there was a significant difference in patient selection of e-mail vs text message by age group, with patients 31-50 years old preferring text messaging over e-mail and patients ≤30 or >50 years old preferring e-mail.
contact method (IRR of nonresponse per year of age 0.97 1.00 1.03 , P > .9; Table 3 ). There was also no significant difference in response rate by sex on univariate analysis (Table 2 ) or after adjusting for LKD age, race, and contact method (IRR of female vs male sex 0.29 0.68 1.59 , P = .4; Table 3 ). African American LKDs had significantly lower response rates at 1 month (P = .02), 6 months (P < .01), and 2 years (P = .02) compared to non-African American LKDs (Table 2) . While all racial groups had high initial response rates, there was a large decline in response rate among African American donors (86% at 1 week and 43% at 2 years), but only a modest decline in response rate among non-African American donors (96% at 1 week and 80% at 2 years; 
| Changes in response rate over time
Overall response rate decreased slowly at each time point observed.
Using the first time point of 1-week postenrollment as a reference, the incidence rate ratio of nonresponse was suggestive but not statistically significant at 1 month (IRR 0.69 2.25 7.31 , P = .2) and increased significantly at 6 months (IRR 1.06 3.25 9.97 , P = .04), 1 year (IRR 1.62 4.75 13.96 , P = .005), and 2 years (IRR 1.62 4.75 13.96 , P = .005; Table 3 ). In absolute terms, the predicted probability of nonresponse for a reference patient was 0% 5% 11% at 1 week, 6% 13% 20% at 1 month, 11% 19% 27% at 6 months, 18% 28% 38% at 1 year, and 18% 28% 38% at 2 years.
| Clinical vs research follow-up
In our clinical practice, during the study time period, the rates of overall complete follow-up were 11.9% at 6 months, 12.8% at 1 year, and 20.2% at 2 years, compared to 81%, 72%, and 72% research follow-up for the electronic communication study (P < .001). For those patients whose 2 years of follow-up were complete prior to the implementation of new OPTN follow-up requirements, the rates of complete follow-up were 4% at 6 months, 9% at 12 months, and 13% at 2 years (compared to 77%, 69%, and 67% research follow-up, all P < .001).
For those patients whose 2 years of follow-up were completed after the implementation of new OPTN follow-up requirements, the rates of complete follow-up were 25% at 6 months, 20% at 12 months, and Fisher's exact test was used to compare the proportion of participants who responded, by demographic and study characteristics. LKDs of all ages were responsive to follow-up e-mail or text messages, particularly at earlier time points. Response rates were similar by contact method, donor sex, and donor age (by decade). Lower response rates were seen in African American donors than in non-African American donors.
T A B L E 3 Multilevel modified Poisson regression model of living kidney donor (LKD) nonresponse rate
Incidence rate ratio of nonresponse P Multilevel modified Poisson regression showed similar rates of nonresponse among LKDs of different sex (P = .4) and age (P > .9). Contact via text messaging produced lower rates of nonresponse than contact via e-mail (P = .007). Significantly higher nonresponse rates were associated with donors of African American race (P = .001) and later follow-up time points.
33% at 2 years (compared to 89%, 79%, and 84% research follow-up, all P < .001).
| DISCUSSION
In this single-center exploratory study of electronic communication tools for living donor follow-up, we found that over 97% of LKD participants selected e-mail or text messaging as their preferred method of contact. Of patients who chose one of these two modalities, the response rate was 94% at 1 week, 87% at 1 month, 81% at 6 months, 72% at 1 year, and 72% at 2 years postdonation, significantly higher than our own clinical follow-up reporting to the OPTN (P < .001).
Lower response rates were independently associated with African The response rates in our study are higher than published national follow-up rates at 6 months and 1 and 2 years of 67%, 60%, and 50% for clinical data and 51%, 40%, and 30% for laboratory data. 3 These reported national follow-up rates are below compliance thresholds for current OPTN guidelines. 13 While the different time periods, sample sizes, and type of information obtained from patients limit the comparison of our data to that used by Schold et al, the higher rates of response to electronic research communication than rates of standard clinical follow-up at our own center suggest that electronic supplementation for follow-up would likely help clinicians maintain contact with patients who might otherwise be lost to follow-up.
While our 72% study response rate at 2 years is encouraging and far exceeds current OPTN reporting, we noted lower response rates among African American LKDs. This is consistent with previous studies that found lower rates of follow-up among African American donors. 3 However, previous studies of electronic messaging in clinical settings have found that text messaging and e-mail reminders were particularly useful in African American patients. 8 Therefore, though we found that African American donors had a lower absolute response rate than donors of other races, we believe that electronic messaging still has potential to increase follow-up rates in this group. Strategies to improve follow-up in African American donors are of particular importance given their higher risk for complications including end-stage renal disease compared to donors of other races. 14 Further optimization of our strategy might benefit these atrisk groups.
Limitations of this study include a small sample size, which may obscure subtle relationships in how response rate changes with age and over time. Nevertheless, significant associations between response rate and LKD characteristics were seen. Furthermore, our study was limited to simple, nonrequired, nonincentivized communication that did not replace required follow-up, so motivation to participate and respond was likely lower than it would be in a true clinical setting; in other words, in a clinical setting where response was required and even possibly incentivized, response rates at 2 years might approach closer to 100%.
Improving the follow-up of LKDs is imperative, given the serious albeit rare risks associated with living donation. Utilization of electronic methods may improve retention of LKDs through cost-effective, convenient means. We found that LKDs preferred e-mail and text message to telephone call for communication and that donor age was not a barrier to implementation of these technologies. These methods may enhance current follow-up and allow centers to better achieve OPTN targets for LKD follow-up.
